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Abstract
In this work, we study the development of a coplanar waveguide (CPW) resonator and its use in an electron
spin resonance (ESR) spectrometer. The CPW resonator is designed to operate in S-band. It has a short circuit
configuration which leads to miniaturization. It is so constructed such that it has a characteristic impedance of
50 ohms. Detailed electromagnetic simulation with a particular emphasis on the excitation of the structure has
been performed for this resonator owing to its uniplanar nature. The design parameters and the electromagnetic
field distribution are obtained from the simulation. The resonator is fabricated using optical lithography with a
rapid prototyping technique. The characteristic response of the resonator is measured by coupling it to a Vector
Network Analyzer (VNA). The ESR absorption spectrum of free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH)
is captured by using this resonator in reflection geometry. The microwave magnetic field distribution at the
sample position is investigated.The measured g-factor value is found to be consistent with that reported in the
literature. The quality factor of this resonator is found to be low and this makes it suitable for use in a Pulsed
ESR spectrometer.
Keywords Coplanar Waveguide · Optical Lithography · Electron Spin Resonance · Planar Resonator
1 Introduction
Planar microwave resonators have versatile usage ranging
from their application in dielectric measurement setup [1]-[2],
magnetic resonance experiments [3]-[4], and as gas sensors
[5].These resonators are generally based on two popular vari-
eties of the planar transmission line, namely, microstrip line
[6]-[7] and coplanar waveguide (CPW) [8]. A CPW is easier to
fabricate when compared to a microstrip line. A CPW, being an
uniplanar structure, is easier to fabricate as compared to a mi-
crostrip line. In particular, it is easier to short-circuit the signal
to the ground in CPW, whereas the substrate has to be drilled
and metallic vias have to be used in case of microstrip. [9].
In subsequent sections, we will discuss the simulation technique
used and fabrication method employed for developing a short-
circuited CPW resonator for a custom-built ESR spectrometer
along with its characteristics. The spectrometer is used to record
the ESR spectrum of a standard free radical.
2 The short-circuited CPW resonator
2.1 Geometry
The planar resonator is based on an ungrounded coplanar waveg-
uide transmission line. An ungrounded CPW transmission line
consists of a dielectric of thickness h and three conductive traces
of thickness t on top of it without any metallization on the bot-
tom surface. The central conductive trace is the signal line of
width s, and the other two traces are ground lines which are at
separation w with respect to the signal trace. The cross-sectional
view of an ungrounded CPW transmission line is shown in figure
1.
In the resonator design, the signal and ground traces have been
short-circuited. The length of the resonator l is chosen so that
Figure 1: The cross-sectional view of the CPW transmission
line.
l ≈ λg4 , where λg is the guided wavelength corresponding to
the resonance frequency f0 of the resonator. A short-circuit res-
onator, being quarter wavelength, is shorter than a open-circuit
resonator which is half-wavelength. Therefore, a short circuit
resonator leads to miniaturization. The gap g separates the res-
onator and the feed line. The degree of coupling of the resonator
to the external microwave source is controlled by g. Figure 2
depicts the top view of the resonator.
Figure 2: The top view of the short-circuited CPW resonator.
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2.2 Simulation
The electromagnetic simulation of the resonator has been carried
out with CST Microwave Studio (MWS) and ANSYS High Fre-
quency Structure Simulator (HFSS) software. The resonator is
designed to resonate at f0 = 3.5 GHz. The microwave laminate
used is AD1000 (Rogers Corporation) which has a dielectric
constant of 10.7 and loss tangent of 0.0023 at 10 GHz.
Analytical expressions were evaluated to obtain the initial values
for the design parameters [10]. Parameter tuning was done in
CST MWS initially to extract the design specifications . The
length l was tuned to achieve f0. The parameters s and w were
optimized to obtain the characteristic impedance of 50 Ω. The
structure was excited by a waveguide port centered about the
signal trace. The waveguide port was square in shape and had a
side length of k, where k=3(s+2w). Open boundary condition
is used on the side of the port, while radiating open (add space)
boundary condition is used on all other sides of the resonator.
The final design parameters extracted from CST MWS are tab-
ulated in Table 1. These parameters are used in fabrication. A
Table 1: Final design parameters
Parameter Simulated Value
Length of resonator (l) 8.25 mm
Coupling Gap (g) 0.33 mm
Signal trace Width (s) 0.9 mm
Gap between signal and ground traces (w) 0.5 mm
Length of the feedline 3mm
comparative simulation of the resonator was setup in HFSS us-
ing the parameters listed in Table 1. The structure was excited
by a waveguide port similarly as that has been described for
CST MWS. The simulated response of the resonator obtained
from both the simulation software has been compared with that
of measured response in subsection 2.3. While a time domain
solver has been used in CST MWS, HFSS uses a frequency-
domain solver, leading to a slight difference in results. The
distribution of the microwave electric field and magnetic field of
the resonator for port power of 10 dBm obtained from the CST
MWS simulation has been shown in figures 3 and 4
Figure 3: Microwave electric field distribution of short-circuited
CPW resonator.
2.3 Fabrication and Characterization
The resonator has been fabricated on the microwave laminate
using optical lithography, followed by chemical etching. The
Figure 4: Microwave magnetic field distribution of short-
circuited CPW resonator.
photomask is printed on tracing paper using a standard 1200 DPI
Laser printer [11]. A solution of de-ionized water, concentrated
hydrochloric acid (35%) and hydrogen peroxide (30%), mixed
in the ratio of 7:2:1, is used as the etchant. The overall process is
cheap and fast, allowing for rapid prototyping and testing. Fig-
ures 5 and 6 show the used photomask and fabricated resonator,
respectively. A vector network analyzer (VNA) (ZVA24, Rohde
Figure 5: Laser printed photomask used in the fabrication.
Figure 6: Fabricated short-circuited CPW resonator
Schwarz) is used to measure the reflection coefficient response
of the fabricated resonator in dBm. The frequency response
circle is recorded on the Smith chart. The measured responses
are compared with the simulation results in figures 7 and 8.
3 Continuous Wave Electron Spin Resonance
Spectroscopy
The fabricated resonator is used as a component of a custom-
built electron spin resonance (ESR) spectrometer. The resonator
is coupled to the VNA port using semi-rigid transmission line
and is placed at the center of an electromagnet (GMW 3473-70).
The electromagnet provides the Zeeman field. The placement
of the resonator is done in such a manner so that the external
magnetic field is perpendicular to the resonator’s microwave
magnetic field. The magnetic field is controlled using the pro-
grammable power supply (Sorensen SGA60X83D). Calibration
of the external magnetic field against the supplied current is
done using a gaussmeter (DTM-151, GMW Associates). The
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Figure 7: Comparison of simulated and measured S11 responses
for 10 dBm input port power.
Figure 8: Simulated and measured frequency sweeps of the
resonator on the Smith chart.
sample 2,2-diphenyl-1-picrylhydrazyl (DPPH) is placed near the
shorted end of the resonator, which is the region of the maximum
magnetic field as deduced from the simulation. Figures 9 and
10 indicate the sample placement region and the magnetic field
distribution in that region respectively. The power supply of
Figure 9: The sample is placed inside the region indicated by
the square
Figure 10: Total magnetic field distribution in transverse plane
just above the ground-signal-ground plane
the magnet and the VNA is synchronously controlled through a
custom designed digital interface. The variation in the resonant
dip of the reflection coefficient of the resonator loaded with the
sample is recorded against the sweep of the external Zeeman
field at room temperature to obtain the ESR spectrum, as shown
in figure 11.
Figure 11: ESR spectrum of DPPH for an input power of 10
dBm. Redline denotes the Lorentz fit.
4 Results
The measured resonance frequency of the resonator is 3.424
GHz which slightly differs from the simulations. The simulation
run in CST MWS predicted a resonance frequency of 3.494 GHz
and that in HFSS indicated a resonance frequency of 3.46 GHz.
The S11 response is sharper for the fabricated resonator when
compared to the simulated results. The fabricated resonator has
a quality factor of 70. The calculated g-factor of DPPH is 2.05,
which is consistent when compared with ESR spectrometers
which use planar resonators [12]. Measured ESR linewidth is
4.6 Gauss. The line shape of the spectrum is Lorentzian. The
signal to noise ratio (SNR) of the custom-built spectrometer is
437.
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5 Conclusion
The ESR spectrometer based on this resonator captures the spec-
tra of the free radical DPPH with a decent SNR. A detailed
electromagnetic simulation procedure has been described which
can be adapted for any kind of CPW based resonators. The rapid
prototyping technique employed here can be used to fabricate
different planar transmission line based resonators [7] with rea-
sonable accuracy. The low Q factor of the resonator makes it
suitable for use in Pulsed ESR spectrometer.
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